This study describes increases in extraction efficiency and the bioconversion of catechins after treatment with several commercial enzymes. Tannase was also used to improve the anti-radical activities of green tea extracts. Enzymatic treatment with various commercial enzymes was introduced to improve the extraction efficiency of polyphenols. The total polyphenol, flavonoid, and catechin contents and the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity of the green tea extract treated with Viscozyme (VG) were significantly higher than those treated with other commercial enzymatic extractions (p < 0:05). More than 95% of the epigallocatechingallate (EGCG) and of the epicatechingallate (ECG) was hydrolyzed to epigallocatechin (EGC) and to epicatechin (EC) in successive 20 min treatments with Viscozyme and tannase (TG). Due to its hydrolytic activity, treatment involving tannase resulted in a significant release of gallic acid (GA), EGC, and EC, leading to greater radical scavenging activities. Regarding the IC 50 values of the DPPH and 2,2-azino-di-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals, the green tea extract treated with TG showed values of 131.23 and 28.83 g/mL, VG showed values of 224.70 and 32.54 g/mL, and normal green tea extract (NG) showed values of 241.11 and 66.27 g/mL, respectively. These results indicate that successive treatment with Viscozyme and tannase improves the extraction efficiency of polyphenols and increases radical scavenging activities.
This study describes increases in extraction efficiency and the bioconversion of catechins after treatment with several commercial enzymes. Tannase was also used to improve the anti-radical activities of green tea extracts. Enzymatic treatment with various commercial enzymes was introduced to improve the extraction efficiency of polyphenols. The total polyphenol, flavonoid, and catechin contents and the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity of the green tea extract treated with Viscozyme (VG) were significantly higher than those treated with other commercial enzymatic extractions (p < 0:05). More than 95% of the epigallocatechingallate (EGCG) and of the epicatechingallate (ECG) was hydrolyzed to epigallocatechin (EGC) and to epicatechin (EC) in successive 20 min treatments with Viscozyme and tannase (TG). Due to its hydrolytic activity, treatment involving tannase resulted in a significant release of gallic acid (GA), EGC, and EC, leading to greater radical scavenging activities. Regarding the IC 50 values of the DPPH and 2,2-azino-di-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals, the green tea extract treated with TG showed values of 131.23 and 28.83 g/mL, VG showed values of 224.70 and 32.54 g/mL, and normal green tea extract (NG) showed values of 241.11 and 66.27 g/mL, respectively. These results indicate that successive treatment with Viscozyme and tannase improves the extraction efficiency of polyphenols and increases radical scavenging activities.
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Green tea (Camella sinensis) is the second mostwidely consumed beverage after water worldwide. It is rich in polyphenolic compounds known as tea flavonoids. It contains several polyphenolic compounds, including epigallocatechingallate (EGCG), epigallocatechin (EGC), epicatechingallate (ECG), and epicatechin (EC). 1, 2) These flavonoids (also known as catechins) possess strong antioxidant properties. 3) Green tea is a rich source of catechins, which account for up to 30% of leaf dry weight. 4) As catechins can donate hydrogens from the hydroxyl groups in their structure, they have excellent antioxidant activities, as evidenced by the fact that their free-radical scavenging ability is more powerful than that of vitamin C, vitamin E, or -carotene. 5) Catechins have been found to have antioxidant, antimutagenic, and anticarcinogenic properties, and they can also prevent cardiovascular disease. 6) The major components of plant cell walls are cellulose, hemicelluloses, and lignin, cellulose being the most abundant. 7) Degradation of these cell-wallpolymers requires several hydrolytic enzymes including cellulase, hemicellulases, xylanases, and pectinases. 8) These three enzymes are utilized to streamline the process, reduce expenses, and increase yields. 9) Cellulases are important industrial enzymes and find applications in several industrial processes. 10) Researchers have a strong interest in cellulases because of their applications in industries of starch processing, grain alcohol fermentation, malting and brewing, extraction of fruit and vegetable juices, the pulp and paper industry, and the textile industry.
11) Enzyme-mediated extraction of phenolic antioxidants from the vegetable matrix can occur via hydrolytic degradation of cell-wall polysaccharides, which can retain phenolics in the polysaccharide-lignin network by hydrogen or hydrophobic bonding. Another mechanism is direct enzyme-catalyzed breakage of the ether and/or ester linkages between the phenols and the plant cell-wall polymers, as it is explained by Pinelo et al.
12)
Recently, carbohydrate-hydrolysing enzymes were observed to release cell-wall-complex polyphenol. 13) Catechins are the second, most important group of phenolic compounds, co-located with the tannins in the thick-walled hypodermal cells of the skin. We focused on the determination of (þ)-catechin and (À)-epicatechin, known to be the most abundant flavan-3-ols in green tea y To whom correspondence should be addressed. Tel: +82-2-940-2853; Fax: +82-2-940-2850; E-mail: suh1960@korea.ac.kr Abbreviations: ABTS, 2,2-azino-di-(3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 1,1-diphenyl-2-picryl hydrazyl; EC, (À)-epigallocatechin; ECG, (À)-epicatechingallate; EGC, (À)-epigallo catechin; EGCG, (À)-epigallo catechingallate; GA, gallic acid; NG, normal green tea extract; VG, green tea extract treated with Viscozyme; TG, green tea extract under treatment with Viscozyme and tannase successively skin. 1) For effective separation of catechins from the cell matrix, several enzymes are used to catalyze different aspects of pectin degradation conducive to cell-wall matrix disassembly. EGCG is regarded as the most important of the tea catechins because of its high content in tea and the fact that its activity is mirrored by green tea extracts. Hence methods of producing tea extracts with high EGCG ratios have been developed. 14) Green tea active ingredients, mainly catechins and caffeine, are usually isolated by extraction with organic solvents, and the extraction conditions (tea and solvent type, temperature, time, pH, and ratio of solvent to material) variously influence the extraction efficiency and quality of the extracts obtained. 15) However, green tea extracts methods are the inconvenient as to the use of solvents the purification of small volumes. 16) The role of enzymes in tea processing and their application to improve the quality of tea has been recognised for nearly four decades. 17) Tea leaves are treated enzymatically with common cell-wall-digesting enzymes such as pectinases, cellulases, amylases, and proteases prior to extraction to improve the extract yield and also with tannase to improve cold-water extractability. Tannase-pectinase treatment generates greater extraction yields and cold-water solubility than tannasecellulase treatment. Variations of this combined enzyme treatment approach have been reported, 18) but there are no reports on how to improve the extractability of polyphenols while improving the overall extract yield.
Tannin acyl hydrolase (EC 3.1.1.20), commonly referred to as tannase, is an inducible enzyme produced by fungi, yeast, and bacteria. Tannases have been characterised mostly by their activity with respect to complex polyphenolics, and hydrolyze the ester bond (the galloyl ester of an alcohol moiety) and the depside bond (the galloyl ester of gallic acid) of substrates such as tannic acid, EGCG, ECG, and chlorogenic acid. 19) Tannases also cleave the ester linkages between galloyl groups and various compounds, such as EGCG or ECG, present in green tea leaves. 20, 21) In this study the increase in extraction efficiency and bioconversion of catechins after treatment with several commercial enzymes was investigated. First we used Celluclast, Cytolase, Econase, Pectinex, Rapidase, Ultraflo, and Viscozyme to improve the extraction efficiency of polyphenols. Then we used tannase to improve the anti-radical activities of green tea extracts.
Materials and Methods
Materials and chemicals. Fresh dry green tea leaves was harvested from Ha-Dong (Gyeong Sangnam-do, Korea). Folin-Ciocalteu reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), was purchased from SigmaAldrich (St. Louis, MO) and 2,2-azino-di-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) was from Fluka (Steinheim, Germany). Acetic acid and acetonitrile (HPLC analytical grade) were from Fisher Scientific (Pittsburgh, PA). HPLC-grade standard gallic acid (GA), EGC, caffeine, EC, EGCG, ECG, and standards were from SigmaAldrich. All the other reagents used were of analytical grade. Econase CE and Cytolase PCL 5 were from AB Enzymes (Darmstadt, Germany) and DSM Gist (MA Delft, Netherlands), respectively. Celluclast KN, Pectinex 5XL, Rapidase liq plus, Ultaflo L, and Viscozyme L were from Novo Nordisk Ferment (Dittingen, Switzerland). Tannase was from Kikkoman Biochemifa (Tokyo). The characteristics of the enzymes used to hydrolyze green tea are summarized in Table 1 .
Preparation of green tea extracts via hydrolysis with commercial enzymes. A modification of the method described by Record and Lane 22) was used. Green tea leaves were coarsely ground in a mortar. The ground tea leaves (2 g) were then mixed with 40 mL water in a 50 mL conical tube. The tube was immediately placed in a water bath at the optimal temperature for the enzyme, and the enzyme (250 mL) was added. The enzyme reaction proceeded for 2 h at the optimal temperature (40 C), and hydrolysis was inactivated by heating at 90 C for 10 min. The clear supernatant of the solution was used for bioconversion and analysis after it was centrifuged at 3;000 Â g at 5 C for 15 min.
Tannase hydrolysis of green tea extracts. The clear supernatant obtained from the green tea extract hydrolyzed by Viscozyme was used as substrate for enzymatic conversion by tannase. Thirty mg of tannase (500 U/g) was added to the green tea extracts, and the reactions were performed at 35 C for 20 min. The tannase reactant of the green tea was sampled at regular intervals until the completion of hydrolysis. 23 ) Figure 1 summarizes the tea extraction procedure for untreated green tea extract (NG), green tea extract with Viscozyme (VG), and green tea extract treated successively with Viscozyme and tannase (TG).
Determination of the catechin content of green tea extracts by HPLC. The content of each catechin was measured using a HPLC system equipped with a hypersil C18 column (5 mm, 25 Â 0:46 cm ID) and a UV-Vis detector. The mobile phase contained 1% acetic acid (solvent A) and acetonitrile (solvent B), with a linear gradient commencing at an A/B ratio of 92/8 and finishing at 73/27 over 40 min at a flow rate of 1 mL/min. The identification of individual catechins, GA, and caffeine was based on a comparison of the retention times of sample peaks with those of authentic reference standards. The amount of each constituent in green tea with and without tannase treatment was estimated from the integrated data. 24) Total polyphenol and total flavonoid content. The polyphenol content of the extracts was determined by the Folin-Ciocalteu 25) In a 1.5-mL Eppendorf tube, 0.79 mL of distilled water, 0.01 mL of appropriately diluted sample, and 0.05 mL of FolinCiocalteu reagent were mixed. After exactly 1 min, 0.15 mL of 20% sodium carbonate was added, and the mixture was allowed to stand at room temperature in the dark for 120 min. The absorbance was read at 750 nm, and the polyphenol content of the extracts was calculated from a calibration curve using GA as standard. The total flavonoid content of the extracts was determined as previously described 26) with minor modifications. To 0.5 mL of sample, 0.5 mL of 2% AlCl 3 ethanol solution was added. After 1 h at room temperature, the absorbance was measured at 420 nm. The total flavonoid content was calculated from a calibration curve.
Radical scavenging activities. The DPPH radical scavenging activity of the extracts was measured by the method described by Wang et al., 26) with modifications. First, 0.8 mL of 0.2 mM DPPH ethanolic solution was mixed with 0.2 mL of sample. The mixture was then vigorously shaken and left to stand for 10 min under light, and then the absorbance was measured at 520 nm. The ABTS radical cation scavenging activity of the extracts was measured as previously described, 27) with modifications. ABTS radical cation was generated by adding 7 mM ABTS to a 2.45 mM potassium persulfate solution and then allowing the mixture to stand overnight in the dark at room temperature. The ABTS radical cation solution was then diluted with distilled water to obtain an absorbance of 1.4-1.5 at 414 nm (molar extinction coefficient, " ¼ 3:6 Â 10 4 mol/cm). Next, 1 mL of a diluted ABTS radical cation solution was added to 50 mL of sample. After 90 min, the absorbance was measured at 414 nm.
Statistical analysis.
All expressed values are means of triplicate determinations. All statistical analyses were performed using the Statistical Package for Social Sciences version 12.0 (SPSS, Chicago, IL). Differences among the samples were evaluated statistically by one-way analysis of variance (ANOVA) and Tukey's New Multiple Test. All data were two-sided at a 5% significance level, and are reported as mean AE deviation (SD).
Results

Preparation of green tea extract with various commercial enzymes
Cell-wall digesting enzymes break down one or more tea cell wall constituents into simpler compounds and thus reduce the structural integrity or increase the permeability of the cell wall. Plant cell walls are composed primarily of cellulose but contain lesser amounts of proteins, hemicelluloses, pectins, and lipids. Accordingly, cell-wall digesting enzymes include carbohydrases such as cellulase, hemicellulase, pectinase, and dextranase. Hence, to increase the extraction efficiency of green tea, Celluclast, Cytolase, Econase, Pectinex, Rapidase, Ultraflo, and Viscozyme were added to the green tea suspension.
The total polyphenol and flavonoids contents, and DPPH radical scavenging activities of the green tea extracts after treatment with various commercial enzymes are shown in Fig. 2 . The total polyphenol contents of the green tea extracts treated with Celluclast, Cytolase, Econase, Pectinex, Rapidases, Ultraflo, and Viscozyme were 2.45, 2.55, 2.76, 2.48, 2.72, 2.66, and 2.82 mg/mL, respectively. Enzymatic extraction showed significant 4-15% increases in the total polyphenol contents of the green tea extract as compared with nonenzymatic treatment (2.35 mg/mL). The total polyphenol content of the green tea extract treated with Viscozyme was significantly higher than the content of the other extracts (p < 0:05).
The total flavonoid contents of the green tea extracts treated with Celluclast, Cytolase, Econase, Pectinex, Rapidase, Ultraflo, and Viscozyme were 0.37, 0.42, 0.41, 0.37, 0.42, 0.41, and 0.44 mg/mL, respectively. The Celluclast (12%), Cytolase (27%), Econase (24%), Pectinex (12%), Rapidase (27%), Ultraflo (24%), and Viscozyme (33%) treatments produced high total flavonoid contents as compared with non-enzymatic treatment (0.33 mg/mL). In particular, the total flavonoid content of the green tea extract treated with Viscozyme was significantly higher than that of the others (p < 0:05) (Fig. 2) .
The DPPH radical scavenging activities of the green tea extracts treated with Viscozyme were higher than those treated therewise. The seven commercial enzyme treatments of green tea produced significant (p < 0:05) increases in DPPH radical scavenging activity as compared with non-enzymatic treatment (Fig. 2) . Var- ious commercial enzymes were used to improve the yield of green tea catechins. The increase in the total polyphenol and flavonoid contents of the green tea extracts with various commercial enzymes produced very strong DPPH radical scavenging activities relative to the activity of non-enzymatic treatment.
Additionally, the increases in the DPPH radical scavenging activity for the various commercial enzyme extracts were observed to be related to increases in GA, caffeine, and catechins (Table 2) . After the seven commercial enzyme treatments, the total contents of the major components (GA, caffeine, and catechins) increased from 3.61 mg/mL to 4.01 mg/mL. Compared with non-enzymatic treatment, the ECG concentration of the Viscozyme-treated green tea extract showed a 1.75-fold increase, accompanied by a simultaneous increase in the concentrations of the other components.
Changes in catechin contents, and anti-radical activity of the green tea extract during Viscozyme treatment Figure 3 summarizes the data on total polyphenol and flavonoid contents and the DPPH radical scavenging activities of the green tea extracts during extraction with Viscozyme through time. The total polyphenol and flavonoid contents and DPPH radical scavenging activities of the green tea extracts reached a maximum after 2 h of extraction, and decreased thereafter. After 8 h (the enzyme reacted sufficiently), the total polyphenol and flavonoid contents of the green tea extracts decreased to 2.57 and 0.38 mg/mL, respectively (Fig. 3) . Viscozyme treatment for 2 h showed statistically higher levels of total polyphenols and flavonoids than the other time treatments (p < 0:05).
The DPPH radical scavenging activities of the green tea extracts showed similar tendencies with respect to changes in the total contents of polyphenols and flavonoids (Fig. 3) . This indicates that the decrease in the total polyphenol and flavonoid contents of the extracts caused decreases in antioxidant activity. Many antioxidant compounds, especially those occurring naturally in plants sources, have been identified as free radical or active oxygen scavengers. The major polyphenols present in teas are flavan-3-ols and flavonols. Flavan-3-ols constitute approximately 77% of the phenolic compounds in green tea, while flavonols make up 13%. Table 3 shows the changes in GA, caffeine, and catechin contents at various reaction times during Viscozyme treatment. The concentration of green tea catechins increased to maximum levels at 2 h and decreased thereafter. At 2 h, the total polyphenol, flavonoid, and catechin contents and DPPH radical scavenging activities of the green tea extracts were by far the highest among all the experimental durations (p < 0:05).
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Bioconversion of green tea extracts by tannase
The bioconversion process was carried out using Viscozyme extract as substrate. It was hydrolyzed by the enzyme tannase to increase GA, EGC, and EC. Individual catechins in the extract of green tea after tannase treatment were detected by HPLC (Fig. 4) , with separation quality adequate to distinguish major tea catechins and GA. The hydrolysis of green tea catechins increased with the reaction time (Fig. 4) . Caffeine was almost unaffected, but EGCG and ECG in the green tea were decreased. Thus, the relative concentrations of the components of the green tea extracts, particularly the catechins, changed during enzymatic treatment. Increases were observed in EGC, EC, and GA, accompanied by decreases in EGCG and ECG. The tannase reaction typically reached equilibrium in approximately 20 min.
Analysis of the data indicated a direct relationship between catechin hydrolysis and incubation duration. More than 90% of the EGCG and of the ECG was hydrolyzed to EGC or EC respectively, and complete hydrolysis was achieved in 20 min. Compared to control, the concentrations of EGCG and of ECG for the tannasetreated green tea extract decreased until they were negligible. This increase was accompanied by simultaneous increases in GA, EGC, and EC, because the ester bonds between EGCG and ECG are cleaved by tannase and produce GA, EGC, and EC. 19, 20) EGCG and ECG were hydrolyzed to EGC and EC respectively, after approximately 20 min. The tannase from Aspergillus oryzae hydrolyzed the ester bonds from natural substrates. GA, EGC, and EC can be formed by the degalloylation of this gallate (EGCG and ECG) present in green tea extracts.
Radical scavenging activities of the green tea extract treated with tannase
The IC 50 value of TG with respect to DPPH radical scavenging activity was 131.23 mg/mL, whereas the values for NG and VG were 241.11 mg/mL and 224.70 mg/mL, respectively (Fig. 5) . The DPPH radical scavenging activity of TG (p < 0:05) was significantly different from the activities of NG and VG. There was a tendency for radical scavenging activities to increase with increases in the EGC, EC, and GA contents of the green tea extracts. The products formed after the enzyme reaction showed higher scavenging activity and antioxidant activity. The IC 50 value for TG with respect to ABTS radical scavenging activity was 28.83 mg/mL (p < 0:05), lower than the values NG and VG, 66.27 mg/mL and 32.54 mg/mL, respectively (Fig. 5) . Unlike its DPPH radical scavenging activity, Viscozyme treatment showed a high increase in ABTS radical scavenging activity. The radical scavenging activity of VG was slightly lower than that of TG. Tannase-treated green tea had a higher than GA content the untreated analogue (Fig. 4) . The scavenging activity of GA is elevated in media containing superoxide anions or hydroxyl or peroxyl radicals. It can also protect cells from damage by UV or ionizing irradiation. 29) The radical scavenging activities of successive treatments with Viscozyme and tannase were generally much higher than those of non-enzymatic and Viscozymealone treatment. 
Discussion
Increased public awareness of the health benefits of tea is based on the high polyphenol content of tea leaves. In the present study, attempts were made using enzymeassisted extraction to enhance the recovery of polyphenols and to increase radical scavenging activities using a cell-wall digesting enzyme (Viscozyme) and a tanninhydrolysing enzyme (tannase). One approach to the effective release of bioactive substances from protein and carbohydrate sources is enzymatic hydrolysis, which is widely applied to enhance the functional, nutritional, and pharmacological properties of proteins and carbohydrates. In addition, several studies have reported that enzymatic hydrolysates of plants possess biological properties, including antioxidant, anti-coagulant, enzyme inhibition, and anti-proliferation activities. 30) The extraction conditions employed in the manufacture of instant tea aim at the maximum recovery of components, and are usually harsher than the brewing conditions used for tea preparations. Accordingly, previous studies of the conditions influencing extractability focused on the yield of black tea solids. 31) In addition to the extract yield, the quality of the soluble powder obtained is an equally important factor, in deciding the quality of the final converted products. Tsai 32) employed an enzyme solution containing tannase in conjunction with enzymes such as cellulase, pecti- Values are mean AE deviation (SD) of triplicate determinations. Abbreviations: NG, normal green tea extract; VG, green tea extract treated with Viscozyme; TG, green tea extract under treatment with Viscozyme and tannase successively. Radical scavenging activity ð%Þ ¼ ð1 À A sample =A control Þ Â 100, where A sample is the absorbance in the presence of sample and A control is the absorbance in the absence of sample. The IC 50 value is the effective concentration at which the radical was scavenged and chelating effect was inhibited by 50%.
nase, and hemicellulase with the aim of improving the yield of cold-water soluble solids from black tea. For cellulases to access cellulose, the hemicellulose surrounding it must be removed. While cellulose consists of a single monosaccharide and type of bond, hemicelluloses are amorphous and diverse. Since the main constituent of hemicellulose is -1,4-xylan, the most abundant class of hemicellulase is xylanase, which shows both endo-and exo-activity. 33, 34) This study indicates that various commercial enzymes that are plant cell-wall degrading enzyme preparations feature side activities that promote the partial hydrolysis of water-soluble green tea polyphenols. Modern processes used to produce fruit and vegetable extracts often use enzymes as major processing aids to obtain extracts at higher yields and with higher soluble solid content. Several researcher groups have found that pectinase and cellulose enzyme treatment significantly increases extract yield and soluble solid content. 35, 36) Our results agree with those of previous studies that show that banana juice, 36) prickly pear juice, 37) and asparagus juice 38) extracted with cellulase or pectinase contain more soluble solids than untreated juice. We have observed that a small improvement in green tea extraction is achieved because catechins inhibit enzymes by direct competitive interactions. 39) Viscozyme is a multi-enzyme complex containing a wide range of carbohydrate-hydrolysing enzymes that are used to extract protein from oat bran 40) and arabinose and xylose from wheat. 41) Viscozyme can degrade the non-starch polysaccharides and branched pectin-like substances in plant cell wall, and this can decrease the viscosity of plant extracts and increase the extraction yields of green tea. Our results accord with previous research in that banana juice 42) and prickly pear juice 43) extracted with cellulose or pectinase contained more soluble solids than untreated juice. Also, Viscozyme treatment alone of raw kernels gave the highest oil recovery. Treatment of sunflower kernels with Viscozyme break down the cytoplasmic cells of the kernels and cause loosening of the inner cotyledon structure, though the enzyme action additionally caused removal of the pectin layer, diffusion of granules, and expansion of the cotyledon cells. 44) Viscozyme, an enzymatic complex capable of acting on a great number of components, acts fundamentally on the soluble and insoluble fiber fraction. This modifies several components and can release antioxidant compounds other than phenolic compounds, and this has an effect on the evaluation of antioxidant activity. Viscozyme treatment effectively increased the total polyphenols, flavonoids, and catechins contents and radical scavenging activities of the green tea extracts to a greater extent than the other commercial enzyme treatments ( Fig. 2 and Table 2 ). Enzymatic extracts from green tea are water-soluble and safe. Additionally, they show high yields and high radical scavenging activities as compared with untreated extracts. 45) Improvement in the extractability of polyphenols and radical scavenging was investigated using Viscozyme treatment during hydrolysis over various reaction times. Viscozyme treatment for 2 h produced an effective increase in the contents of total polyphenols, flavonoids, catechins, and in radical scavenging activity (Fig. 3 and Table 3 ).
After 2 h, Viscozyme caused a high degree of tissue breakdown, releasing more components that contribute to the soluble solids of green tea extracts. We discovered that Viscozyme can be used to increase the yield, antioxidant activity, and soluble solid contents of green tea extract in a short time, 2 h.
Green tea extracts have higher antioxidant activity than black tea, and the total antioxidant potential correlates strongly with the total polyphenols content of tea. 46) Many reports have emphasized that there is a correlation between radical scavenging and polyphenols contents. 47) Pellati et al. 48) observed that radical scavenging activity increased with an increase in polyphenols content. Polyphenols are particularly effective antioxidants in treating polyunsaturated fatty acids. In fact, they easily transfer a hydrogen atom to lipid peroxyl radicals to form aryloxyls, which are incapable of acting as chain carriers and couple with another radicals, thus quenching radical propagation. 49) Hence, the increases in radical scavenging activity using Viscozyme might have been due to an increase in the polyphenols content.
DPPH and ABTS assays are widely used to determine the free-radical scavenging activity of various plants and pure compounds. [35] [36] [37] The mechanisms of both methods are similar, in that the absorption spectra of the stable, free radical changes when the molecule is reduced by an antioxidant or a free radical species. When an antioxidant scavenges free radicals by hydrogen donation, the colors in the DPPH and ABTS assay solutions become lighter. 35, 36) ABTS reacts relatively rapidly as compared to DPPH, which usually takes several hours for the reaction to be completed. 37) A comparison of Yunan tea extract DPPH and ABTS radical scavenging ability confirmed its diversity. 38) In the radical test, the main activity factor was tea type, and activity was higher in the black tea extracts. In the DPPH test, however, the essential factor influencing antiradical activity was the solvent applied, and activity was higher in the ethanol extracts. A comparison of the two radicals' scavenging abilities is difficult due to the different action mechanisms of the oxidative factors, including free radicals. Thus, the green tea extract treated with Viscozyme showed different results in DPPH and ABTS assays, as shown in Fig. 5 . It was also found that possible antiradical activity was conditioned by antioxidant structures as well as other component interactions.
Successive treatment with Viscozyme and tannase also increased the radical scavenging activities of the green tea extracts (Fig. 5) . This enzyme treatment can be employed to improve the recovery of both polyphenols and catechins with greater increases in GA and the hydrolysis ratio (Fig. 4) . Tannase hydrolyzes esters of phenolic acids, including the gallated polyphenols found in tea. Owing to its tannin-hydrolyzing ability, tannase improved the clarity of the extract while improving the recovery of polyphenols and extractable solid yields. 50) Tannase shows high specificity for the phenolic sites of substrates. 19) These results are in accord with those of Cao and Ito, 6) who used tannase in the preparation and purification of EGC and EC. All the enzymatic reactions were monitored using a denatured enzyme as control. EGC is present at relatively low concentrations in natural green tea preparations as compared with EGCG. The EGC concentration of the green tea doubled after treatment with tannase.
Concerning the IC 50 values of the DPPH and ABTS radicals, the value for TG was higher than that for VG, or NG (Fig. 5) . This is evidence of the enhanced antioxidant activities of green tea after tannase treatment. Macedo et al. 51) reported an increase in the antioxidant capacity of tea after tannase treatment. Tannase probably hydrolyze the substrates contained in these teas, and the products of hydrolysis apparently contributed to the increase in the antioxidant activity. In the study, the antioxidant capacity of green tea increased by 55% after enzymatic treatment. Tannase also exhibited high activity with respect to EGCG, the commercial standard substrate for green tea, increasing its antioxidant activity by 46%. This indicates that the tannase from Paecilomyces variotii hydrolyzes the ester bonds of natural substrates. EGC and GA are formed by the degalloylation of the gallate (EGCG) in tea extracts. 51) According to Macedo et al., 21) tannase can completely hydrolyze the EGCG in green tea to EGC and GA by increasing the antioxidant activity of the tea. Commercial standard samples showed high degrees of purity, and this enhanced the antioxidant activity of these samples. 51) The data from this study reveal useful information about enhancement in the antioxidant activities of green tea after treatment with tannase.
Here we report a comparative study of improvement in the extraction efficiency of green tea polyphenols by seven types of commercial enzymes. The results reveal that Viscozyme from Aspergillus sp. was the most effective of the tested commercial enzymes. Moreover, they indicate that using Viscozyme and tannase successively to treat green tea extracts can promote the transformation of EGCG and ECG to EGC and EC, respectively. These results provide technical support for the development of health foods and cosmetic and pharmaceutical products using green tea extracts.
